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Jealzact

northern hemisphere synoptic maps at sea level, 700 millibars, and soo
millibars. It was found that from 15°N to 35°N, addition of angular
momentum to the atmoschere by friction accompanied depletion of angu
momentum ._by horizontal transport of relative angula.r momentum, 1.34
angular momentum due to motion relative to the earth!s surface,

These results are in agreement with theory. .
An auxiliary study has indicated that the trms northward

Ytransport of relative angular momentum is usually larger than the

the atmospheric pressures on the west and east sides of the Tange are:
different at the same altitude, is as important as friction in ex- i3

changing angular momentum between the atmosphere and the earth's surface, o




- Procedure: The data are obtained from daily synoptic ma
Of the northern hemisphere. The sea level and 500 millibar maps
from the Northern Hemisphere Historical Weather Maps of the Air
Service. The 700 millibar maps are photostat copies of maps analyzod
by the Air Weather Service.

The sea level pressure is tabulated at each intersection. of.

the limits ot the analysis. The heights of the 700 millibar and Sm o
millibar levels are tabulated at the same network of points.
Since observed winds do not arpear on the maps at a regular p
network of points, the geostrophic wind is used instead of the actual
. wind. An auxiliary investigation has been made to detemine the 8Ce
curacy of this approximation.
' Let R = radius of earth
® = angular speed of earth's rotation
® acceleration of gravity
= longitude .

latitude

T W > ®
[ ]

= pressure .

height (of a constant pressure surface)

P = density
u = eastward component of wind




v = northward component of wind
L = eastward component of geostrophic wind
vg = northward component of geostrophic wind

et A_p(uh) = O+ )= p0-5%H)
A 50 §) = 206 4+ 5°) - pb $-5)

and let similar relations define A, s and A s
Then approximatély,

9 & P 9 A, P

Yy ° " WReopsing '’ Vg © W Hopsin gcos g

on a constant altitude surface, and

a = 9¢ » 3 98A13
g T~ wRos ’ 'g- W Rosin g cos $

on a constant vressure surface.

The absolute angular momentum per unit volume, given by

p(u +® R cos §) R cos ¢

consists of the angular momentum p W R? cos? § due to the earth
‘rotation, hereafter called a-momentum, and the angular momentum %
puRcos § dus to motion relative to the earth's surface, he 1
"called relative momentum. Since the transport of w-momentum across & -
given latitude is proportional to the mass transport across that lati-
tude, there can be no net long term transport of w-momentum. The net

J.ong term absolute momentum transport therefore consists of a transport -

N
iy

of relative momentum. :
' The transport of relative momentum per unit time per unit .

altitude across a given latitude ¢ is
i"2g
J puv RS cos? gdaa
-~ Jo




estimated as follows: the transports ver unit altitude computed from %

In computations the above integral is replaced by a summation of 72
terms, one for every five degrees of longitude, amxt the wind is re-
placeq by the geostrophic wind. The density is assumed to be the |
normal density for the given month, latitude, and altitude. The
transport is thus

ycea d Z[.‘-.,pla,p

b w ¢ p sin? g

at sea level, an?

. -9gzpcosé - ‘
b w e sin2 g Zl‘szyz

at the constant pressure surfaces.

The monthly total transport across a latitude circle is

the sea level, 700 millibar, and 500 millibar maps are assumed to be -..:
the transports per unit altitude throughout the layers from O to 1.5 -
kilometers, 1.5 to 4.5 kilometers, and 4.5 to 7.5 kilometers respective=- : :- .

R [

;y.- The transport above 7.5 kiiometers cannot be computed because lb’;.i;‘:z 3
data are available eicept in resiricted regions. ‘l‘he transport per;b \
unit time couputed from a given mp is assuned to be the transpart per
unit time throughout the day of the map. -
The interaction cetween the atmosphere and the earth's sur-
face consists of a friction effect and a mountain effect. The mountain
effect is the torque =xerted by a mountain range upon the atmosphere
when the atmospheric pressures on the west and east sides of the range
are different at the same altitude. An auxiliary investigation is being -
made to determine the importance of the mountain effect.
The eastward component of the frictional force per unit sur-

face area is assumed to be given by
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whers X} is a dinensionless constant, assumed to be 3 x 10'3. The

torque per unit northward distance around an entire latitude ciréh h; -
therefore | ) . |
j:ﬁxp“m__llécoszldl .
The surface wind vector is assumed to be 0.6 times the surface geo-

| -
strovhic wind vector. The torque per unit northward distance is ,

X Reod , 3 :
proure. ol O R/ WS L W

100 w w“p sin“g

First Auxiliary Study: An investigation of the accuracy ofﬁ

port of momentum was made primarily by Lorens. The study is based .4

upon data collected by the Pressure Change Project at MIT (sponsored
by the Office of Naval Research, Contract NSori-78, Task IV). The ..
data consist of similtaneous values of the observed wind (by rawin or:-
rabal) and the geostrophic wind at stations in the United States. »
fortunately, such data for the remainder of the northern hemisphere are

not available.

‘The data used contain 267 observations during January 1946 and
283 observations during December 1946 - Jamuary 1547. .For each observa-

tion, the products uv and Ug¥g are computed. The sums 7. uv and ifn‘v‘ ,_
are obtained for each period. ‘ e

For ‘January 19h6, . e

the .geostrophic 'ind approximation for the coqmtation of the trm-
| zZ.uav < 2, uvy <K 0
|
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“and for Decemver 1946 - Jamary 1947,

- -,
0<% XL LA Z 2suvw

During each period, u v is on the average somewhat smaller than ngv‘
when v, > 0 and u v i3 on the average considerably greater alge-- =
braically than u v_when uv_< 0. Investigation of the cbservations. -

gg g8
at 500 millibars suzzests similar results.

If these results, which include port:lons of the heniapbrc,
where L.mgve.,-o and portions where <vu vg<0, are typical of the ent

henisphere, they indicate that for an entire latitude circle at middle
latitudes,

on . S
uvda > uv da
jo jogg

Themomentmtransportfo puvnzcos fdda dependslargelyupon

a -
j auvd . '
° .

In general, the monthly values of uomentm transport, come -
puted from the northem bemischere maps with the geostrophic wind - |
approximation, are positive. It was arbitrarﬂy decided to»ml
these computed values by the factor 1 5, in the hope of obtaining

more accurate values of the :uomentm transport.

Results: The results of the investigation are suunriud in

Figure 1.




FIGURE 1
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In Figure 1, the horizontal arrows with the accompanying
numbers show the horizontal transport of relative angular momentum
across the corresponding latitude, throu;h;mt the corresponding height o

interval. The numbers in parentheses give the total transport of
.relative momentum across the comspondingllatitude. The vertical

arrows with the accompanying numbers show the total frictional transfer. .
of momentum from ,th; earth's surface to the atmosphere between the  " 5
corresponding latitudes. All the numbers, when multiplied by 1029,
becom values in c.g.s. units. ‘
In general, the horizontal transport of relative momentum _
directed northward. South of 35°N, addition of momentum to the atmoe
sphere by friction accompanies deoletion of momentum by horizontal .
transport, while from 35°N to 65°N, accumulation of momentum by hoi-’.- -
~ zontal- transport accomnanies removal of momentum from the atmosvhere by
friction. These observations ar: in agreement with the theoretical .
conclusions of Starr ( see Journal of Ve* enrologz, Aoril 1948),

It is not to oe expected that the depletion or accumulation
of relative momentum by borizontal transport will exactly balance tho:— ;
-addition or removal pf.momentum by friction, for several reasons. m
computations described above involve many approximations. It has n;t‘i’
been poésible to def.ermine the transport of relative momentum abﬁe
7.5 ki.ldmetgrs. The net horizontal transport of o-momentum, and the
net local change of absolute momentum, while unimportant for very long
periods, may oe important for periods as short as one month. Finally,
the mountain effect has been neglected.




Second Auxiliary Study: An investigation of the importance
of the mountain effect has been made primarily by White, This investi-. -
gation has thus far determined only the normal mountain effect for
January,

Normal January pressures for the northern hemisphere are
obtained from figures of Shex at sea level, and from USAAF revised
figures (19U4) at 10,000 feet. Simplified tovogravhic profiles for
each fivedegree belt of latituds, based on the Phyoiche Weltkarte

of Hermann Haack, are constructed for the northern hemisphere, Bach fz?;’_ |
SRl -
mountain range is broken into layers one kilometer thick. Pressure

differences {\p 8cross each layer of each mountain range are obtained
from the normal January pressures. The pressures in each layer are .

interpolated or extrapolated rromv the sea level and 10,000 foot presaures. .

The torque per unit latitude e:nerted oy the mountains on the atmospharc -
is

1 lometer - R cos g 22 Op -,

the summation exte: ding over 231 wountain rage3 and all layers.

It is found taat the normal Jaowary rountain effect variea
with latitude in ruck tha sam: w>r as the friction effect. South o!””
LO°N, and north cf €CC. witain the limits of the data, the mountain
effect adds momentum tn the atmosphere. Between LOON and 609N it re-
moves momentum frem tha aimoschare. The mountain effect is strongest
in the belt of wester]_.ie_s between 45°N and 509N, and in the belt of
easterlies between 25°N and 35°N. The mountain effect and the fri::tinn

effect are of the sme order of mazmitude,
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It must be concluded that the mountain effect not only is
not negligiole, out is sometives more important than the friction 5
effect both in removing momentum from the atmosphere and in adding

momentum to it._

Additioral Studies: A number of purely theoretical features =
of the general circulation have been investigated by Starr, Abdullah, .
and Lore;xz: Some ;;reliminary results are expected in the near fntm

Future Investigations: Investigation of the variations of ol

aobsoluta angular momentum during Jammary 1946 is to be continued. The '

mountain effect during this month is to be computed. The local variations.:.. -
. _:ﬁg%) 1
of absolute angular momentum, and tha northward transport of w-momentum,

are also to be det:rmined. The variations of absolute angular momentum : ' ~.=1»_ -

during January 1946 are also to be studied on a day-to-day basis. The. UL

entire general program is to oe extended to other months.




